Atherosclerosis is a disease resulting from multiple complex interactions of hyperlipidemia, dyslipoprotemia, hypertension, and smoking. Hypercholesterole mia is considered to be one of the main causes of atherosclerosis . Investigators have been using many kinds of animals to study the relationship between hyperlipidemia and atherosclerosis. Since Day et al. and Morrissey et al . used Japanese quail as their animal model for research on atherosclerosis (1,2), this animal has become an experimental model of interest for studies on lipid metabolism or atherosclerosis . The beneficial features of the Japanese quail as an animal model are its small body size, short life cycle and low food consumption, and susceptibility to cholesterol loading. For these reasons, studies on the pathogenesis, prevention and nutritional aspects of atherosclerosis in Japanese quail have been carried out in many laborat ories. Moreover, Shih et al. developed a strain of Japanese quail susceptible to atherosclerosis (SUS) (i.e., hyperresponder) by genetic selection from CA quail (3). They reported on aspects of general characterization and histological exami nation of the selected SUS quail. Radcliffe and Liebsch described in detail the relationship between hypercholesterolemia and atherosclerosis in susceptible to atherosclerosis (SEA) Japanese quail (4). They examined the effects of purified atherogenic diets on the development of hypercholesterolemia , distribution of serum lipoprotein cholesterol, and the development of atherosclerotic lesions (4) . They showed that the serum concentrations of cholesterol and very low density lipoprotein (VLDL), plus low density lipoprotein (LDL) cholesterol of the SEA strain, were higher than those quail fed a cholesterol-free basal diet . High density lipoprotein (HDL) cholesterol concentration was unaffected by this dietary treat ment.
These studies have obviously improved our knowledge on the lipid metabolism in animal models such as the SUS or SEA quail. It is possible that the hyperchol esterolemia in this strain could be due to high intestinal absorption of cholesterol , impaired feedback regulation of endogenous cholesterol, and a low rate of conver sion of cholesterol to bile acid. However, no mechanism for the induction of hypercholesterolemia and atherosclerosis in these unique strains has been presented . 
RESULTS

Growth and lipid profiles of HAP quail
Final body weight, relative liver weight and food consumption are shown in Table 2 . No significant differences were observed in final body weight and food consumption between groups at the end of the feeding period. The liver weight per 100g body weight was significantly increased by cholesterol feeding in CA and HAP quail (p<0.01). Growth parameters in HAP quail were similar to those of CA quail. These observations also roughly agree with the results reported by Radcliffe and Liebsch (4).
Lipid profiles of serum, liver and microsome are shown in Table 3 . Supple mentation of cholesterol increased the serum and hepatic cholesterol levels in both strains. Cholesterol levels in serum and liver of HAP quail that were fed the cholesterol diet were significantly (p<0.01) higher than those of CA quail. Thus, we observed notable hypercholesterolemia and accumulation of cholesterol in the liver of HAP quail in comparison with that of CA quail. These observations were consistently seen throughout this investigation. The ratio of (chylomicron+VLDL+LDL)-cholesterol to HDL-cholesterol (atherosclerosis index) increased with feeding of cholesterol in both strains: from 1.83 to 29.0 (p<0.01) in HAP quail, and from 1.40 to 14.1 (p<0.01) in CA quail, respectively. Low density fraction (d=1.006-1.080) cholesterol levels of HAP quail fed the cholesterol diet were significantly higher (p<0.01) than those of CA quail. Although HDL cholesterol levels were significantly different statistically with respect to strain and diet, cholesterol levels of cholesterol-fed CA quail were almost the same as those of cholesterol-fed HAP quail. Thus, we confirmed that the HAP quail strain used in this study was a good experimental model for athero sclerosis study. Table  3) .
Excretions of acidic and neutral sterols in quail feces Table 5 lists the fecal excretions of acidic and neutral sterols and apparent cholesterol absorption. Cholesterol feeding significantly increased the excretion of neutral sterol (p<0.01), but not excretion of acidic sterol . Excretion of bile acids slightly increased from 0.9 to 1.34 (mg/g wet feces) in CA and from 0 .32 to 1.19 in HAP quail.
Apparent cholesterol absorption of HAP quail compares well with that of CA quail, indicating the similar input-output of cholesterol between the animal strains. 
DISCUSSION
This study was designed to address the causes of hyperlipidemia and athero sclerosis in the HAP Japanese quail. We were specifically interested in the liver microsomal enzymes which play a critical role in cholesterol metabolism.
Consistent with previous observations (17) , HAP quail manifested considera bly increased lipid levels in the present study and developed atherosclerosis rapidly in response to feeding of dietary cholesterol, compared with CA quail. The extent of serum level increase appeared to be rather more pronounced in our animal model than in the previous quail model (4) . This feature may potentiate the usefulness of our animal model in the study of cholesterol metabolism. It is, however, essential to isolate the metabolic defect in this strain for the stringent study of cholesterol metabolism. In humans, it is well known that familial hypercholesterolemia is one of the most commonly inherited disorders. It is caused by an abnormality in the receptor for LDL and not by the alteration of enzyme activities. However, this view, is not applicable to the HAP quail. The activities of key enzymes in cholesterol metabolism showed no differences between the animal strains, even under atherogenic conditions.
With cholesterol feeding, HMG-CoA reductase activities of CA and HAP quail were predictably down-regulated to the maximal extent. Thus, it is probably true that the major part of serum cholesterol is derived from exogenous supply rather than from endogenous supply by biosynthesis.
The level of ACAT activity is normally dependent on the availability of the cholesterol substrate. In our study, there was actually a good correlation between ACAT activity and microsomal cholesterol content. The enzyme reaction was performed in the presence of excess cholesterol substrate. Thus, the cholesterol content of the microsome had a reasonably negligible effect on enzyme activity. On feeding of the cholesterol-free diet, ACAT activity of HAP quail was slightly higher than that of CA quail, with a similar proportion of esterified cholesterol in serum (data not shown). Thus, it seems unlikely that alteration of ACAT activity could influence the proportion of serum cholesterol ester in quail.
Further studies are needed to address this defect of lipid metabolism or catabolism. In this context, the study of cholesterol clearance mediated by LDL or B/E receptors and scavenger pathway by macrophage has become of interest .
According to previous studies (26), cellular accumulation of cholesterol affected the activities of apoprotein receptors B and E. Decreased activity of B/E receptors and an increased rate of lipoprotein cholesterol secretion could account for the rapid accumulation of cholesterol in the blood of hyperresponsive models . It is now an accepted view that apo B-100 is involved in the receptor-mediated incorporation of LDL. We observed the presence of an apolipoprotein correspond ing to chicken apo B-100 in the low density lipoprotein fraction (1 .006<d<1.08) of cholesterol-fed quail. In addition, the incubation of LDL fractions with quail liver parenchymal cells resulted in the accumulation of cholesterol in cells (data not shown). From these observations, it seems reasonable to assume that receptor mediated cholesterol metabolism also occurs in the liver parenchymal cells of quail .
In conclusion, our quail model appeared to differ from other animal models in that the genetic defect in cholesterol catabolism, did not necessarily explain the occurrence of hypercholesterolemia, as was the case for pigeon , rabbit and monkey.
There could be a new aspect of the genetic defect distinguishable in our animal model, and this feature could also potentiate the usefulness of our model in the study on the pathogenesis of atherosclerosis or hypercholesterolemia in the future . 
